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The present invention relates to an optical lens assembly, particularly but not 
exclusively one which is suitable for use within an optical scanning device for scanning an 
optical record carrier, and to methods of assembling lens elements. 

Fig. 6 shows a configuration of a known optical lens assembly used as an 
5 objective lens in optical drives, including a first lens set element 200 and a second lens set 
element 202. The first lens set element 200 includes a relatively large lens 208 and an outer 
flange 210. The second lens set element 202 includes a relatively small lens 204 and an 
annular protrusion 206 which fits into the outer flange 210 of the first element. 



10 

US patent application 2002/0036839 Al describes an optical system having an 
objective lens comprising two optical lenses aligned with each other. Each of the first and 
second lenses has coinciding outer circumferences to aid alignment of the first and second 
lenses during assembly. 

15 A recently developed new optical record carrier is termed a Small Form Factor 

Optical (SFFO) disc which may have a diameter of for example 3 cm. With the use of a blue 
laser, with a wavelength of for example 405nm, SFFO discs can hold some 1 Gbyte of data. 
Its small size allows an SFFO drive (for example with dimensions of 4.6 x 3.4 x 0.75cm 3 ) to 
be incorporated in portable electronic devices such as digital cameras, mobile phones, PDAs 

20 and portable Internet devices. However, such miniaturization poses new technological 
problems for the design, structure and the manufacturing of these scanning devices. 

One such technological problem involves the assembly of a two-element 
objective lens component for use within a blue laser SFFO scanning device. One lens 
element may have an entrance pupil less than 2mm in diameter, whilst the other may have an 

25 entrance pupil of less than 1mm in diameter, which makes handling and manipulating during 
manufacturing processes difficult. During these manufacturing processes it is desirable that 
faces of the objective lenses, which may have a lens coating, are not touched and that the two 
objective lenses are correctly aligned, spaced and angled to each other. 
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During miniaturization of a two-element lens assembly to produce an SFFO 
objective lens, it was found that the smaller lens element became so small as to be difficult to 
manipulate reliably, and furthermore that propagation of stress to the lens during handling 
caused unwanted birefringence effects due to warping of the lens. 

5 

It is an object of the present invention to provide a miniaturized optical lens 
assembly which can be efficiently and accurately assembled whilst reducing unwanted 
birefringence in the assembled components. 
10 In accordance with an aspect of the present invention, there is provided an 

optical lens set comprising: 

a) a first lens set element having a first optical axis and including a first lens 
having a first curved lens surface having a first entrance pupil with a first diameter, wherein 
said first lens set element is of a first width in a direction perpendicular to said first optical 

15 axis; and 

b) a second lens set element having a second optical axis and including a 
second lens having a second curved lens surface having a second entrance pupil with a 
different, second diameter which is smaller than said first diameter, said second lens set 
element having an inner part and an outer part arranged in a direction perpendicular to the 

20 second optical axis, said inner part including said second lens, wherein the first and second 
lens set elements are adapted to form a lens assembly including said first and second lenses; 

characterized in that said outer part extends to a second width in a direction 
perpendicular to the second optical axis, which second width is greater than said first width. 

The second lens set element has an outer part which facilitates manipulation of 

25 the second lens set element during an assembly process, and reduces the propagation of stress 
to the lens in the second assembly during handling. Whilst the first lens element, by virtue of 
having a lens of greater diameter, has in the prior art been arranged as the element having a 
greater or equal width, in the present invention the second lens element is arranged to have an 
outer part with a greater width, to provide the advantages described above. 

30 In one preferred embodiment, a removable part of the outer part of the second 

lens set element may be detached following the assembly process so that the size of the 
finished optical lens assembly can be reduced. 

According to a separate aspect of the invention, there is provided a method of 
handling a lens element for use in an optical lens assembly, the lens element including an 
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inner part, including a lens having a curved lens surface, and an outer part, including a 
removable part, the method comprising the steps of: 

a) handling the assembly element to apply handling forces to said removable 

part; and 

5 b) removing said removable part before completing said lens assembly. 

Thus, this aspect provides an improved method of handling a lens element, in 
particular a miniaturized lens element, during a handling process before completion of 
assembly of the lens element, for example to pick up or hold the lens element by handling the 
removable part during a coating process and/or during an assembly process. This aspect is 
10 not limited to a lens assembly including two lens elements; it may also be used for improved 
handling of an element for a single element lens assembly. 

Further aspects of the invention are set out in the appended claims, and 
features and advantages of the present invention will become apparent from the following 
description of preferred embodiments of the invention, which is given by way of example 
1 5 only, made with reference to the accompanying drawings. 

Fig. 1 shows a schematic diagram of an optical scanning device including an 
optical lens assembly according to an embodiment of the present invention; 
20 Fig. 2a shows a cross-section of a first lens set element, prior to assembly 

thereof, according to an embodiment of the present invention; 

Fig. 2b shows a cross-section of a second lens set element, prior to assembly 
thereof, according to an embodiment of the present invention; 

Fig. 3 shows a cross-section of an optical lens assembly formed from the 
25 elements shown in Figs. 2a and 2b; 

Fig. 4 shows a cross-section of the optical lens assembly shown in Fig. 3 
following detachment of a removable part; 

Fig. 5 shows a cross-section of an alternative embodiment of optical lens 
assembly of the present invention; and 
30 Fig. 6 shows a cross-section of an optical lens assembly in accordance with the 

prior art. 
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Fig. 1 shows a schematic diagram of an optical scanning device according to 
an embodiment of the present invention, which is for scanning an optical disc. The optical 
disc 1 comprises a transparent layer 2, on one side of which at least one information layer 3 is 
arranged. In the case of a multi -layer optical disc, two or more information layers are 
arranged behind the transparent layer 2, at different depths within the disc. The side of the 
information layer facing away from the transparent layer is protected from environmental 
influences by a protection layer 4. The side of the transparent layer facing the device is the 
disc entrance face 5. The transparent layer 2 acts as a substrate for the optical disc by 
providing mechanical support for the information layer or layers. Alternatively, the 
transparent layer 2 may have the sole function of protecting the information layer 3, in the 
case of a multi-layer optical disc the uppermost information layer, while the mechanical 
support is provided by a layer on the other side of the information layer, for instance by the 
protection layer 4 or by a further information layer and transparent layer connected to the 
uppermost information layer. 

Information may be stored in the information layer 3 of the optical disc in the 
form of optically detectable marks arranged in substantially parallel, concentric or spiral 
tracks, not indicated in Fig. 1 . The marks may be in any optically readable form, e.g. in the 
form of pits, or areas with a reflection coefficient or a direction of magnetization different 
from their surroundings, or a combination of these forms. 

The optical scanning device includes a radiation source 6, for example a semi- 
conductor laser, emitting a diverging radiation beam 7 having a predetermined wavelength, 
for example 405nm. A beam splitter 8, for example a semi-transparent plate, reflects the 
radiation towards a lens system. The lens system includes a collimator lens 9, an optical lens 
assembly 10 and a condenser lens 1 1. An optical lens assembly 10 includes a first lens set 
element 12 attached to a second lens set element 13. The optical lens assembly 10 has an 
optical axis 14. A detailed description of an embodiment of the optical lens assembly 10 
follows shortly. 

The collimator lens 9 transforms the diverging radiation beam 7 to a 
collimated beam 15. A lens in the first lens set element 12 transforms the collimated radiation 
beam 15 lying along the optical axis 14 into a converging beam 16 having an intermediate 
numerical aperture (NA), and incident on the second lens set element 13. A lens in the second 
lens set element 13 transforms the incident beam 16 into a converging beam 17, having a 
relatively high NA, in this embodiment 0.85, which comes to a spot 18 on the information 
layer 3. 
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Radiation of the converging beam 17 reflected by the information layer 3 
forms a diverging reflected beam 19, which returns on the optical path of the forward 
converging beam 17. The lenses of the two lens set elements of the optical lens assembly 10 
transform the reflected beam 19 first to a less divergent beam 20, then to a substantially 
collimated reflected beam 21, and the beam splitter 8 separates the forward and reflected 
beams by transmitting at least part of the reflected beam 21 towards the condenser lens 11. 

The condenser lens transforms the incident beam into a convergent reflected 
beam 22 focused on a detection system 23. The detection system captures the radiation and 
converts it into electrical signals. One of these signals is an information signal 24, the value 
of which represents the information read from the information layer 3, another is a focus 
error signal 25, the value of which represents the axial difference in height between the spot 
1 8 and the information layer 3, and another signal is a tracking error signal 26, which 
represents a deviation from the center of a track in the information layer 3 being scanned. 

Figs. 2a, 2b, 3 and 4 show lens set elements at different stages of a lens 
assembly process. Referring now to Fig. 2a, a first lens set element 30 has a lens 31 with a 
first face having a curved lens surface 32. The first lens set element 30 has a first optical axis 
33 about which the lens 31 is centered. The lens 31 has a thickness 38 between the curved 
lens surface 32 and a second face 34 of the lens, the thickness being taken along the first 
optical axis 33. The lens 31 has an entrance pupil with a first diameter 41 which in this 
embodiment is less than 2mm. Before assembly, and after molding of the first lens set 
element 30 from a plastics material, one or both of the lens faces are coated with one or more 
layers, for example of an anti-reflection coating. The second face 34 includes an annular 
protrusion 35 centered about the optical axis 33. The annular protrusion 35 has a cylindrical 
alignment reference surface 36 lying parallel to and concentric with the first optical axis 33 
and a flat spacing reference surface 37 lying perpendicular to the first optical axis 33 at a 
specified distance from the second face 34. The first lens set element is circular at its 
periphery, in cross-section (not shown) perpendicular to the optical axis 33, and is of a given 
first width 39 taken in a direction perpendicular to the first optical axis 33. 

Referring now to Fig. 2b, a second lens set element 40 has a second optical 
axis 42 and a first face, at the center of which is a lens 44 with a curved lens surface 46 
centered about the second optical axis 42. The lens 44 has an entrance pupil with a second 
diameter 48 which is less than the first diameter 41, and in this embodiment less than 1mm. 
The second diameter may be at least 20% less, more typically at lest 50% less than the first 
diameter 41. Before assembly, and after molding of the second lens set element 40 from a 
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plastics material, one or both of the lens faces are coated with one or more layers, for 
example of an anti-reflection coating. 

The lens 44 of the second lens set element has a thickness 50 between the 
curved lens surface 46 and a planar second face 51 of the second lens set element 40, the 
thickness 50 being taken along the optical axis 42. A ratio of the thickness 50 of the lens 44 
of the second lens set element 40 divided by the second diameter 48 is preferably greater than 
0.5, and preferably greater than 0.75, in order to ensure that the lens 44 is stiff enough to 
avoid deformation of the lens, which can cause unwanted birefringence, during handling. The 
thickness 38 of the lens 31 of the first set element is greater than the thickness 50 of the lens 
of the second lens set element. The thickness of the lens 31 of the first set element may be at 
least 10% more, more typically at least 25% more. The second lens set element 40 is circular 
at its periphery, in cross-section (not shown) perpendicular to the optical axis 42, and is of a 
given second width 52 taken in a direction perpendicular to the second optical axis 42. The 
second width 52 is greater than the first width 39. 

The second lens set element 40 has an outer part 54 and an inner part 56, the 
inner part 56 including the lens 44. The inner part 54 is equal in width to the first lens set 
element 30. The first face of the second lens set element 40 has an annular channel 59 
centered about the second optical axis 42, the annular channel 59 creating an area of reduced 
thickness 58 between a base surface of the annular channel and the second face 51 of the 
second lens set element in a direction parallel to the second optical axis 42. The annular 
channel 59 has an inner reference surface 60, lying parallel to the second optical axis 42, 
which is at a given radial distance from the second optical axis 41. 

The outer part 54 of the second lens set element 40 has an annular removable 
part 62 (indicated in Fig. 3) which includes an outer annular flange 64. The annular flange 64 
of the removable part 62 has a given thickness 66, the thickness 66 being taken in a direction 
parallel the second optical axis 42. 

Referring now to Fig. 3, in an assembly process the first lens set element 30 is 
attached to the second lens set element 40. An ultraviolet (UV) radiation curable bonding 
material (not shown) is applied before assembly to locate between the alignment surface 36 
and the inner surface 60; and the spacing surface 37 and the base surface 59. The elements 
are assembled with high precision, preferably to within a tolerance of 1/an such that the first 
optical axis 33 and the second optical axis 42 are aligned with each other along an optical 
lens assembly optical axis 68, the lenses are correctly axially spaced and not tilted with 
respect to each other, by a two stage process. In a first stage, reference surfaces are used to 
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provide initial positioning. During the first stage the alignment surface 36 interfits with the 
inner surface 60 by at least nearly making contact therewith at sufficient points of contact to 
prevent significant lateral displacement of one element relative to the other. The interfitting 
ensures that the first and second optical axes 33, 42 are at least approximately correctly 
radially aligned with each other. Additionally, the spacing surface 37 abuts with a portion of 
the base surface 59. This ensures that an at least approximately correct spacing along the 
optical axis 68 between the lenses 31, 44 of the first and second lens set elements 

respectively is achieved. 

In the second positioning stage a centering, axial spacing and tilt correction 
manipulation procedure using an interferometer is conducted to position the first and second 
elements 30, 40 respectively, the bonding material is cured with the application of UV 
radiation. The first lens set element 30 is thus rigidly attached to the second lens set element 
40 to form the optical lens assembly. The thickness 66 of the annular flange 64 is greater than 
a thickness 70 along the optical axis 68 of the lens stack comprising the lens of the first lens 
set element 30 and the lens of the second lens set element 40. This greater thickness 66 of the 
annular flange 64 enables the flange 64 to protect the optical surfaces of the assembly during 
handling in the assembly process. In the assembly process the curved surface of the lenses 
3 1 , 44 respectively are not touched. During the coating and assembly process, the first lens 
set element 30 is handled and manipulated using for example vacuum tweezers and the 
second lens set element 40 is handled and manipulated by applying handling forces to the 
removable part 62, for example by use of a vacuum manipulator which contacts and grips the 
second lens set element by contacting the front or rear face of the removable part and 
applying vacuum forces, and as a further example by placing the front or rear face of the 
removable part 62 in contact with an assembly mount which applies an upward force to the 
removable part to hold the weight of the lens set element. 

Following the assembly process the removable part 62 of the outer part 54 is 
detached from the second lens set element 40 along the severing line 72 lying parallel the 
optical axis 68. The severing line 72 is located at a radius from the optical axis 68 in the 
annular channel 58. The detachment is conducted either by cutting, using a cutting tool, or by 
breaking, using the application of pressure only. Note that the area of reduced thickness 58 is 
designed to facilitate detachment of the severing line. The area 58 is preferably of a thickness 
of less than 500*un. In the case of detachment by breaking, the thickness is preferably in the 
region 50-100/im. 



WO 2004/055796 PCT7IB2003/005172 

8 

Referring now to Fig. 4 and following the detachment of the removable part 
62 along the severing line 72 the optical lens assembly 74 results, as well as the now 
detached annular removable part 62 of the outer part 54 of the second lens set element. Even 
after detachment of the removable part 62, the remainder of the second lens set element 40 is 
5 of a greater width than the first lens set element 30. 

Fig. 5 shows an alternative embodiment of the optical lens assembly of the 
present invention. Features of this embodiment which are similar to the previous embodiment 
are labeled with similar reference numerals and are incremented by 100. The descriptions of 
these features and the assembly processes used should be taken to apply here also. 
10 In this embodiment the second lens set element 140 has no removable part. 

The second lens set element 140 has an outer part 154 which is of greater width than the first 
lens element in a direction perpendicular to the optical axis 168 of the lens assembly. The 
outer part 154 includes an annular protrusion 176 centered about the optical axis 168. The 
protrusion 176 has a cylindrical inner reference surface 177 parallel the optical axis 168 and 
15 an upper surface 179, the upper surface 179 lying perpendicular to the optical axis 168. The 
outer part 154 has a thickness 1 83 taken parallel to the optical axis 168, the thickness being 
between the planar second face 151 and the upper surface 179. This thickness 183 is greater 
than the minimum thickness 184 of the inner part 156, taken parallel the optical axis 168. 

During the coating and assembly process, the first lens set element 130 is 
20 handled and manipulated using for example vacuum tweezers and the second lens set element 
140 is handled and manipulated by applying handling forces to the outer part 154, for 
example by use of a vacuum manipulator which contacts and grips the second lens set 
element by contacting the front or rear face of the outer part and applying vacuum forces, and 
as a further example by placing the front or rear face of the outer part 154 in contact with an 
25 assembly mount which applies an upward force to the outer part 1 54 to hold the weight of the 
lens set element. The distance of the outer part 154 from the lens 144 and the feature of the 
thickness 183 of the outer part 154 being greater than the minimum thickness 184 helps to 
minimize the propagation of stresses and consequent birefringence effects in the lens 144 
when the second lens set element 140 is handled during the coating and assembly process. 
30 The first element 130 has an annular protrusion 135 centered about the optical 

axis 168. The protrusion 135 has an outer alignment surface 180 which lies parallel to the 
optical axis 168. During an assembly process of the optical lens assembly the inner surface 
177 interfits with the alignment surface 180 to ensure that the first and second optical axes 
133, 142 respectively are correctly centered with respect to each other. Also during the 



WO 2004/055796 PCT/IB2003/005172 

9 

assembly process, spacing reference surface 181 on the end of the protrusion 135 abuts with a 
portion of a flat annular surface 182 of the second lens set element adjacent the curved 
surface of the lens 146. This abutting of surfaces ensures a correct axial spacing along the 
optical axis 168 between the lenses 131, 144 of the first and second lens set elements 
5 respectively. 

In a similar manner to the previous embodiment, a UV curable bonding 
material is applied between the inner surface 177 and the alignment surface 180, and the 
second spacing surface 181 and the portion of the annular surface 182. Following a two stage 
positioning procedure including a centering, axial spacing and tilt correction manipulation 

10 procedure using an interferometer, the curable bonding material is cured with the application 
of UV radiation such that the first lens set element 130 is rigidly bonded to the second lens 
set element 140 to form the optical lens assembly. 

Although in this embodiment the outer part of the second lens set element does 
not include a removable part, the extra width of the outer part 154 on the second lens set 

15 element enables the second lens element to be handled and manipulated more reliably, and 
reduces the propagation of stresses and consequent birefringence effects in the lens 144 when 
the second lens set element is handled during the coating and assembly process. 

The above embodiments are understood to be illustrative examples of the 
invention. Further embodiments of the invention are envisaged. 

20 In embodiments of the present invention, the second lens set element has an outer part of 
greater width than the width of the first set element. Generally, the width of the outer part is 
preferably at least 5% more than the width of the first set element. Where the outer part 
includes a removable part, the width of the outer part is preferably at least 10% more than the 
width of the first set element. 

25 In a further embodiment of the present invention it is envisaged that in 

addition to the second lens set element having a removable part of an outer part, the first lens 
set element may also have a similar removable part to improve handling of the first lens set 
element during an assembly process. Following the assembly process the removable parts of 
both the first and second lens set elements may be detached. 

30 In further embodiments of the present invention the outer part is not in the 

form of an annular flange. Differently shaped forms of the outer part are envisaged such that 
handling of the second lens set element is facilitated and/or reduction of propagation of stress 
and/or protection of the optical lens assembly is achieved. Thus, whilst in the above- 
described embodiments the width of the outer part is greater than the maximum width of the 
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first lens set element in all directions perpendicular to the optical axis, in alternative 
embodiments, if for example the outer part does not extend entirely around the periphery of 
the second lens set element, the minimum width of the second lens set element may be 
smaller than a width of the first lens set element, in directions perpendicular to the optical 
5 axis. Further alternatively, the first lens set element may for example also include an outer 
part which extends for example to only one side thereof, such that the maximum width of the 
second lens element may be less than the maximum width of the first lens set element, in 
directions perpendicular to the optical axis. However, in this embodiment of the invention the 
outer part of the second set element has a maximum width which is greater than the minimum 
10 width of the first lens set element, in directions perpendicular to the optical axis. 

In the above embodiments a two stage relative positioning procedure is 
followed to ensure correct relative positioning of the two lens set elements; in an alternative 
procedure, only one stage of positioning may be carried out, such as only using abutment of 
the reference surfaces as described to provide correct positioning; in this case positioning 
1 5 using an interferometer is not required. 

In the above embodiments both the first lens set element and the second lens 
set element are integral components formed of injection-molded plastic, for example a cyclic 
olefin copolymer (COC) such a Zeonex™ or of a PMMA polymer. It is envisaged that either 
one of these lenses may alternatively be formed of glass and the other lens is formed of 
20 plastic or that both lenses are formed of glass. In the case where a lens is glass it is generally 
not practical for the whole lens set element, within which the lens is included, to be formed 
entirely of glass. In this case the glass lens is bonded in position to the remainder of the lens 
set element, which may be formed for example of plastic. In one example wherein at least the 
lens of the first lens set element is formed of glass, the lens is bonded within a tubular 
25 component to provide the first lens set element. 

In the above embodiments both the first lens set element and the second lens 
set element have a lens which is plano-convex. However, other forms of lens may be used, 
for example convex-convex, plano-concave and convex-concave. 

In embodiments of the present invention a removable part of an outer part of a 
30 second lens set element is detached by cutting or breaking along a severing line in an annular 
channel of the outer part. It is envisaged that the location of the outer part at which the 
removable part is detached may not be a channel feature, but may for example include one or 
more strips connecting the removable part to the remainder. Furthermore the removable part 
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is not restricted to being annular in shape, but may be of other forms depending on the 
handling and protective requirements of the optical lens assembly. 

It is to be understood that any feature described in relation to any one 
embodiment may be used alone, or in combination with other features described, and may 
5 also be used in combination with one or more features of any other of the embodiments, or 
any combination of any other of the embodiments. Furthermore, equivalents and 
modifications not described above may also be employed without departing from the scope 
of the invention, which is defined in the accompanying claims. 



